Objectives. This study evaluated whether the symptoms of laryngopharyngeal reflux (LPR) change after multilevel surgery for obstructive sleep apnea (OSA).
INTRODUCTION
Obstructive sleep apnea (OSA) is caused by the collapse of the upper airway induced by negative pressure inspiration. It is characterized by repeated episodes of apnea and hypopnea during sleep, in spite of a normal respiratory drive. Approximately 2%-4% of middle-aged people suffer from symptomatic OSA [1] , a condition associated with significant cardiovascular morbidity and mortality [2] . Associations have been found between OSA and many systemic diseases, including hypertension, left ventricular dysfunction, arrhythmia, myocardial infarction, and stroke. Therefore, effective treatment, such as continuous positive airway pressure (CPAP) or multilevel surgery, should be applied promptly to reduce such cardiovascular, cerebrovascular, and neurocognitive complications.
Extraesophageal reflux is caused by the repeated retrograde overflow of gastric contents into the esophagus, and is divided into gastroesophageal reflux (GER) or laryngopharyngeal reflux (LPR) depending on the location of the injury. GER is defined as reflux that is limited to the esophagus, while LPR is defined as reflux that extends beyond the esophagus into the larynx and pharynx and is symptomatically characterized by laryngeal mucosal inflammation and damage. The incidence of LPR is high; nearly 10% of patients admitted to otolaryngology outpatient clinics complain of LPR [3] . LPR symptoms vary between individuals, ranging from hoarseness and vocal fatigue to throat clearing, postnasal drip, cough, dysphagia, and globus. Chronic untreated LPR can contribute to or cause several upper airway diseases, including laryngopharyngitis, laryngospasm, and subglottic stenosis, as well as benign and malignant diseases of the head and neck [4, 5] .
Both OSA and LPR are common chronic diseases that frequently coexist. They share several risk factors, including obesity, male predominance, alcohol use, and age. The coexistence of OSA with LPR has been reported to have a prevalence of 20%-67% [6, 7] . Several earlier studies explored a possible association between OSA and LPR [7, 8] . Some studies evaluated the effect of antireflux therapy on OSA and reported improvements in the symptoms or parameters of OSA [9, 10] . Other studies demonstrated the effect of CPAP treatment on reflux disease and showed significant improvements in reflux symptoms [11, 12] . Although previous studies were unable to demonstrate a direct temporal or causal relationship between OSA and LPR, they did suggest a possible bidirectional causative relationship between OSA and LPR [13] .
However, to date no studies have investigated the effect of surgical treatment for OSA on reflux disease. The aim of this study was to evaluate the change in laryngeal reflux symptoms after multilevel surgery for the treatment of OSA, based on patients' responses to the reflux symptom index (RSI) questionnaire.
MATERIALS AND METHODS

Subjects
This observational study (a retrospective chart review) consisted of patients who were diagnosed with OSA and who underwent multilevel surgery (uvulopalatopharyngoplasty, tonsillectomy, radiofrequency tongue base reduction, with or without nasal surgery) at a single tertiary medical center between April 2009 and September 2014. This study was approved by the Institutional Review Board of Samsung Medical Center (No. 201702-119001). All operations were performed by a single surgeon (HYK). All patients were asked to complete an RSI questionnaire before and at least 6 months after surgery. Patients lost to follow-up; who did not complete the follow-up questionnaire; who used antireflux medication (either before or after surgery); who had undergone previous antireflux surgery; or who had a history of systemic, major thoracic, or abdominal illness or surgery, were excluded. The age, height, weight, body mass index (BMI), and results of polysomnography (PSG) for each patient were obtained via a retrospective chart review in order to evaluate changes in the RSI.
Polysomnography
Complete overnight diagnostic PSG was performed using Alice3 (Healthdyne Technologies, Marietta, GA, USA) or Somnologica Studio (Embla Systems, Broomfield, CO, USA) PSG devices prior to surgery to monitor electroencephalogram (EEG; C3/ A2, C4/A1, O1/A2, and O2/A1), 4-channel electrooculogram, electromyogram (submental, intercostal, and anterior tibialis muscles), and electrocardiogram values; abdominal and thoracic movements (using piezoelectric bands); nasal-oral airflow; and oxygen saturation according to pulse oximetry [14] . Postoperative PSG was not routinely scheduled, being performed only on particular patients who required follow-up testing or who seemed to exhibit no improvement after surgery.
PSG was scored according to standard rules [15] . The apneahypopnea index (AHI), defined as the number of apnea and hypopnea events per hour of sleep, was the primary PSG outcome measure. A diagnosis of OSA was made for patients with an AHI value >15. OSA was classified in this study as mild (AHI, 5-15), moderate (AHI, >15 and ≤30), or severe (AHI, >30). Surgical success was defined as a postoperative AHI value ≤20 with a 50% reduction in the AHI from baseline [16] .
Reflux symptom index
All patients were asked to complete an RSI questionnaire both before surgery and at least 6 months afterwards. The RSI questionnaire is a widely used and approved, self-administered, nineitem questionnaire for the assessment of symptoms in LPR patients. The questionnaire consists of questions regarding hoarseness, throat clearing, postnasal drip, difficulty with swallowing, coughing, breathing difficulty, troublesome cough, lump sensation, and heartburn. The scale for each item ranges from 0 (no problem) to 5 (severe problem), with a maximum total score of 45. A total score >13 indicates that the patient has reflux symptoms [17] .
Statistical analysis
Differences in patient characteristics between those with reflux symptoms (RSI score >13) and those with no symptoms (RSI score ≤13) were analyzed using the chi-squared test, Student ttest, or Mann-Whitney U-test, as appropriate. The Wilcoxon signed-rank test was used to compare RSI scores before and after surgery. We performed additional comparisons after stratifying the patients according to sex, age, BMI, OSA severity, and Laryngeal reflux symptoms are prevalent in patients with obstructive sleep apnea (OSA).
The reflux symptom index (RSI) decreased significantly after multilevel surgery to treat OSA.
The RSI-positivity rate also decreased significantly, from 33% to 9%, after surgery.
We did not identify any factor influencing any difference in the extent of improvement among subgroups. 
RESULTS
Subjects
Ninety-two patients underwent multilevel surgery for OSA after complete overnight diagnostic polysomnography. Of these, 73 (62 males and 11 females) who completed RSI questionnaires were included in the present study. Eleven patients were excluded because they were either lost to follow-up or did not complete the questionnaires. An additional 8 patients were excluded because they used antireflux medication after surgery. The final study population thus consisted of 73 patients. Comparison of reflux symptoms before and after surgery Table 2 shows the RSI scores before and after multilevel surgery for OSA. The mean total RSI score was significantly decreased after surgery. The RSI positive rate was also significantly decreased from 33% to 9% after surgery. All individual variables in the RSI, with the exception of difficulty with swallowing (P=0.084), improved significantly after surgery (P<0.05).
Comparison of changes in reflux symptoms according to various factors Table 3 shows a comparison of the changes in the RSI following surgery after stratifying by sex, age, BMI, OSA severity, and surgical outcome. Each group showed a significant improvement in the mean RSI score after surgery (P<0.05); however, there was no significant difference in the degree of improvement between the groups (P>0.05). Values are presented as number (%) or mean±standard deviation. AHI, apnea-hypopnea index; RSI, reflux symptom index. Assessed using the Wilcoxon signed-rank test. The difference in the reflux symptom index score before and after surgery (preoperative total RSI score-postoperative total RSI score). b) Assessed using the Kruskal-Wallis test (except for sex and surgical outcome, which were assessed with the aid of the Mann-Whitney U-test).
DISCUSSION
In this study, we compared laryngeal reflux symptoms based on patient responses to the RSI questionnaire before and after multilevel surgery for the treatment of OSA. The major finding of this study is that laryngeal reflux symptoms, which are more prevalent in OSA patients than in the general population, were improved significantly after multilevel surgery not only in terms of the total RSI score but also individual variables. To our knowledge, no previous studies have investigated the effect of surgical treatment for OSA on the symptoms of reflux. In this study, we directly compared laryngeal reflux symptoms before and after surgery.
Several studies have attempted to demonstrate a temporal relationship between reflux disease and OSA; however, the underlying pathophysiological mechanisms between OSA and reflux diseases, especially LPR, are not well understood [13] . A number of published studies that evaluated the association between OSA and reflux disease focused on GER rather than LPR, reporting increased negative intrathoracic pressure during obstructive events that could possibly overcome the barrier pressure provided by the lower esophageal sphincter [18] . Additionally, repetitive arousals terminating obstructive events could increase OSA patient susceptibility to GER [19, 20] .
CPAP, the mainstay therapy for OSA, can reduce GER events and improve nocturnal GER symptoms in OSA patients. The mechanism by which CPAP reduces GER symptoms has been explained as follows: CPAP elevates the intrathoracic pressure by reducing airway obstruction and inspiratory effort and by the transmission of positive pressure to the intrathoracic airways. By increasing the intraesophageal pressure, the risk of GER should be reduced in patients with OSA. Other potential mechanisms include an increase in lower esophageal sphincter pressure by reflex mechanisms or direct mechanical compression of the midesophagus [12, 21] .
Unlike these previous studies, we focused instead on LPR and its relationship to OSA. LPR has been recognized not simply as the laryngopharyngeal manifestation of GER, but rather as a distinct entity within the spectrum of gastric material reflux syndromes, with characteristic double-pH-probe profiles and clinical symptoms [22, 23] . While GER is primarily associated with the backflow of gastric contents into the esophagus due to lower esophageal sphincter dysfunction, with relative protection of the upper airway by the upper esophageal sphincter, LPR occurs with minimal esophageal reflux but upper esophageal sphincter malfunction, resulting in laryngeal mucosal injury and laryngopharyngeal symptoms [22] [23] [24] .
In this vicious cycle between OSA and LPR, progressive increases in respiratory effort by an OSA patient can produce greater negative intrathoracic pressure. This negative intrathoracic pressure promotes the reflux of gastric contents into the esophagus, larynx, and pharynx. Over time, LPR-induced inflammation contributes to OSA progression in two ways: (1) inflammation-mediated thickening and hypertrophy of tissues that narrow the upper airway directly and (2) chronic tissue damage and sensory impairment that cause dysfunction in reflexes important in maintaining upper airway patency during sleep [13] .
The laryngeal epithelium is relatively more susceptible to the hazardous effect of gastric contents than the esophageal mucosa. Even a few episodes of reflux can cause LPR disease, which can lead to mucosal injury and inflammation [5, 25] . Increased sensitivity of the laryngopharyngeal mucosa (compared to the esophageal mucosa) to reflux-induced inflammation presumably contributes to inflammatory changes in the upper airway mucosa and OSA progression [13] .
OSA not only contributes to inflammatory changes in the laryngeal mucosa through this cycle of harm, but also encourages oropharyngeal tissue inflammation through its own pathophysiologic mechanism. Previous studies have proposed that these inflammatory changes might be due in part to mechanical trauma related to vibration-induced injury during snoring or forceful suction collapse and traction during apnea and hypopnea events. Another mechanism that might exert proinflammatory influences is repeated hypoxia-reoxygenation, which is characteristic of OSA and leads to the generation of free radicals and increased oxidative stress [24, 26, 27] .
In our study, we presumed that multilevel surgery could reduce snoring-induced mechanical trauma arising from vibration and forceful suction collapse and traction during apnea events, and, as a result, prevent oropharyngeal tissue inflammation and improve reflux symptoms via improved upper airway patency. Multilevel surgery also reduces respiratory effort, reducing increases in intrathoracic pressure and the reflux of gastric contents and consequently improving LPR-induced inflammation and symptoms related to LPR.
In clinical settings, patients often complain of subjective discomfort after multilevel surgery, including pharyngeal pain, difficulty with swallowing, sensation of a foreign body in the throat, and globus. A considerable number of these symptoms are similar to those listed in the RSI questionnaire. Another primary intention of this study was to compare RSI scores before and after multilevel surgery in order to verify such postoperative complaints. Contrary to expectations, most of these symptoms improved significantly after surgery.
When we compared the pre-and post-surgery changes in RSI score according to sex, age, BMI, OSA severity, and surgical outcome, each group experienced a significant decrease in the RSI score, but the differences in terms of the degree of change were not significant between the groups. Regarding surgical outcome, successful treatment was defined as a postoperative AHI value ≤20 with a 50% reduction in the AHI from baseline [16] . The surgical outcome was entirely determined by the AHI value, and other factors were not considered. There are several possible reasons why the surgical outcome had no influence on the degree of RSI improvement when comparing patients with successful surgeries to those whose surgeries were not successful. First of all, because not all patients underwent follow-up PSG, those patients analyzed for surgical success were unable to represent the entire group of patients. Patients who required follow-up testing or who seemed to show no improvement after surgery were subjected to follow-up PSG. Of all 73 patients, only 31 underwent postoperative follow-up PSG. Of these, 18 exhibited surgical success; the mean AHI improved from 23.48 to 6.97. Reflux symptom scores also improved, from 13.83 to 7.22. Surgery was not successful in the remaining 13 patients; the mean AHIs before and after surgery were 31.33 and 28.06, respectively. However, these patients did exhibit significant improvements in reflux symptoms; the scores before and after surgery were 14.08 and 8.85, respectively. Further studies featuring follow-up PSG may explain the observed differences in surgical outcomes. Second, use of the AHI as the sole measure in the assessment of surgical outcome is problematic [28, 29] . Previous studies emphasized that the assessment of the surgical outcome for OSA should neither be limited to the AHI as an outcome, nor should it be the only outcome emphasized [29] . Third, regardless of improvement in the AHI, patients could have experienced an improvement in snoring, which might allow them to avoid mechanical trauma related to vibration-induced injury during snoring and eliminate inflammation in oropharyngeal tissue and laryngeal mucosa, which can improve reflux symptoms. In addition, patients who had a mechanical obstruction such as palatine tonsillar hypertrophy could have experienced improvement simply by resolving the mechanical obstruction with surgery.
There were some limitations to our study. First, we assessed LPR using only a subjective questionnaire based on patient selfreporting, rather than a more objective measure such as 24-hour double-probe pH monitoring or endoscopic examination. The primary intention of this study was to assess changes in reflux symptoms after multilevel surgery because OSA patients often complain of symptoms that are similar to those included in the RSI questionnaire after multilevel surgery. Contrary to our expectations, the total RSI score and its individual variables improved significantly after multilevel surgery. Nevertheless, our study would be strengthened by the use of an objective test in addition to these subjective measures. Second, we did not analyze anatomical variations that could affect the surgical outcome and changes in reflux symptoms. Multilevel surgery is a combination of various operations rather than a single operation. Therefore, surgical outcomes may differ by the site of obstruction and the surgery performed. However, all of our present exhibited (principally) retropalatal obstructions, and required uvulopalatopharyngoplasties. Tonsillectomy and radiofrequency tongue base reduction were also performed in all cases. The nasal surgeries were commonly performed (50 cases of turbinoplasty, 43 cases of septoplasty, and 7 cases of endoscopic sinus surgery), but made no fundamental difference. Additional studies including more cases are necessary to explore whether anatomical factors exert potentially causal effects. Third, this study was not performed in a blinded fashion and did not include a control group. However, the aim of this study was to evaluate the surgical results, which is difficult to conduct in a randomized controlled fashion. Had we been able to, we could have compared matched patients based on CPAP treatment.
In conclusion, OSA treatment via multilevel surgery potentially reduces laryngeal reflux symptoms. Additional studies using objective measures to evaluate the effects of different anatomical features are needed to clarify these results.
